Abstract. The lowest oscillating waveguide mode can exist in guiding layer of a doublenegative material that is symmetrically encapsulated in a double-positive material, even when the guiding layer's thickness is many times smaller than the operating free-space wavelength.
INTRODUCTION
An artificial material with both negative real permittivity and permeability, which is called the double-negative material (DNM), was experimentally demonstrated in 2001. Then, researchers have improved and scaled down these structures to fabricate a DNM at optical wavelengths [1] , and have proposed metamaterials for various applications, such as electromagnetic cloaking, improved lenses, subdiffraction-limited light beams. For conventional waveguides based on total internal reflection, symmetrical waveguides do not have cutoff for TE 0 or TM 0 oscillating modes, and the dimension of the guiding layer can theoretically go close to zero. The fundamental oscillating mode does not exist in the DNM waveguide and it was shown that DNM waveguides support two classes of waves: oscillating and surface modes [2] . Recently, the subwavelength miniaturization of photonic components has been addressed by the use of metamaterials [3] . However, in Ref. 4 it is stated that as the thickness of guiding layer is reduced much below the working wavelength, all oscillating modes are eliminated and only surface modes are supported. Here we show that the first-order oscillating modes can exist even in the DNM waveguides with the thickness of the guiding layer 10 times smaller than the working wavelength; i.e., the guiding layers can be in nanometer scale. , we can see that the core thickness is small for high -R. It can be considered that the guiding layers can theoretically be scaled down as much as possible by increasing -R. 
DISCUSSION
Remarkably, similar oscillating modes are supported by the inverted nanoscale structure, i.e., one with a DPM core and DNM claddings. Based on the explicit form of Eq. (2), it is inferred that all modal properties of the DPM-DNM-DPM arrangement, previously analyzed, are replicated by its "dual" counterpart. This property also provides increased flexibility in nanoscale waveguiding design utilizing DNM. 
